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STUDIES 01 fHB STSaLIZATION 
QP SOLUTIOHS m GLUCOSE kW SUCROSI 
liTioDuafioi 
QlnQOsm, the n&at wM©ly k»owa sugar ot the aom©sae-
oliarM© gjfoap,. is toeiug e&.onomtmllj pr©toe«d. at th# present 
tiffl© by th® ]h.y<aroly»i,# ®f tsorn star eh, Itols swgar, also 
toown as de^ jctros©, eorn sagar, .ajad ©®r©l;Os-©, represents a 
produot of purity, a© sale ©f eopn s«gar 'has "been r©-
stricted In th© past l*©#ama® th© pwr© food, law i*egulations 
tliat foM prodaets 8w®#t#a#i. with any other sugar 
than sucrose shO'Uld h&m th# fact stat«# -on the lab©l. How­
ever, this restriction was lifted is J&m&ry,. 2951, by the 
Secretary of Agricultwe,, thus #|j@niag a large field to the 
producers of gl««o»«^  
fh© principal industries 'tliat will fee able to wake iis© 
of'this sugar are the cajmlisg ®nd beverag© ijadmstrles. !fhe 
beverage iMustry ®lon@ uses about '300,000 tons of siicros© 
annually. By tasiiag a cheaper sagar, Siich a« dextrose, these 
iiidastries m&j m&k® m coasid©rable saving, 
Ho»g wi'th this ©coiiomie feature there ar# two distinct 
adTsatag©®, especially to th® aamfactarer of sarhcaaated 
hev©rag©s, in using glticos©, fh© workers on the Asericaa 
Bottlers of Carbonated B©v@rag«s Fellowship baT© ahimdantly 
shown that the cams® of spoilage of carhonated h©¥erages is 
principally dtt© to yeast '(1,3,5,4)., ffiiat can® siig-ar contains 
- s • 
yeast and may to© tb® original soure© of tli.©g# m:i oroBrganlsms 
in a .majority ef ttot© .es.s®s ©f spollag® In earbomat©<a bever­
ages iias toeen sliewii fey several worters {3,4,5,,.6,"7), 'fhus feo 
©liaiimt© til© soure®' -©f contamination by oljtainiiig a sterile 
sugar- will b# .a distlset -Mvastag® to tJi© roanHfacttires?' of 
earboiaated b^ vera^ ©..®, Glueos# is relatiwly fr©© from y@ast, 
.In ffli eaaainatl^ a of saaples ©f .©OM®relal dextrose sent to 
tii« of Fo-o^  eij^ mistry, gellwig (8)- fowsui no &vl-
dsiie® :©f tb© pr«s«iiqt# ©f yeast, 
lb® fl©e.ond admiat&g® tn the tis© of gltie-os# ia in th© 
fast tliat th©. .fini^ slxed b©ttle€ prodtiet will mot eUange- in 
tast® aft«r it lias hmn stored for several months» Tb® 
pr#s@a©@ ©f aeid. in earbsaatM beverages eause-s slow lijdrol-
y®t» ©f tli« atieroa® t^ -iairiert smgar* Sal# and .Skiimer (9) 
hai?« sliewn th&t hmmT&gm- aadl© witli iawrt smgar ar© not so 
gw©@t m- wtmn '-wwl© witli tli® saiae aaottiat of smoros®» Sine® 
glmeose is BOt -sliasged. in tiie pr©.ts©»G# of a aodtrat© amount 
of mid, its uMB w5uM tMi cbsfng® of flavor caused 
by tis« presmnm of inoreaalug mmmmts of invert sugar, 
flier© are twe <aisa-d.iraiita:ges in- mse of glucose and 
tb® prelimiaary work, was e^ neerued wltb tbos© problems: 
first., %hm .low solmbility of glucose in water {SB grams in 
100 o.e. of wmt^ r at lf.S%,. I, a-M s#c-@»dly, tb® rel.atiTOly 
.low sw®»t®M.lag pow«r of tbia sugar oo®pa«d to smoros®, 
lanmfaeturers o.f es-rboaated. beverage-® prepara tb®lr 
-ayriipa by two- aetbo-da- - hot pro©e«-« aa€ -eo-M proeesa (10). 
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5h© heaviest glmees© 'synip- that may he ms#d at room teaipera-
tmre (SS-«-i§®'#* I i# ©f' Batm# streogtb., 'fills awjtmts t© a 
solution contaiaing appi»-oxiaately of -sugar# "&© -apecific 
gi»afltj of tlii.0 solmtloa at 20/30- Is l.»SS8S, o^s# miaifac-
tweirs mgisg t!i® iiot aiiiaiod will .®-ape:Fi®n-e® no €if-
fieal'ty lii a«kl»g Batai BjrmpM If tiws- a©c®g-s*ry weight of 
glueo.se is a€4«-<l to tb.® rscujiyed. to1ii»© of hot wmt#r. In at­
tempting to mmk.® a siailap s-y^ ttp by the eold pp©o®ss motliod, 
thm to.l^ #st density ayFwp -obtainabl© toy simple -aeebanle-al 
stifring owe-r a period o-f -several feomr-s was -o»© o-f 20® 
fb© disfttvaatage in -asiug tMs eoaeestratlon of glueos© synip 
is tbat. su6b « 1-srge voliuae of ayrmp -Haist b# added to tb® bot-
tl©-, tiiat it iS' sot possible t© add suffl-elcMt earbonated 
water to gi^ e the d#itir«d •eolixmo o-f -earboa dioxid®. For mx-
•aaplo, -tlir©#. flmid o«i«5#.s- o-f flavored M® Barn®! syrwp aiust b® 
add#d. t© SL six »»€ on^ -bftif mmmm bottl© in ord©r- to gi^ e a 
sugar pere©mtag# eo-rr#sp©3iding in ««-etm©s-s to tb© a^ erag© 
bottl© tbat -©-©utalas ll--lg^  sueroae, fhis allows a voltame'of 
tbre® eraa-ees -of earboiiated water to gif© tb® d#s-ired ©®rbo-n-
atio-n to tb© fialsbed prodaet, fh® aaimfaeturer usually uses 
from Qtm to #a# and oa®--bitlf m&mn of flavored syrup to a 
six a®d om@»l»lf <&w&m b®ttl©» By using Ijomax- -Syrmp Maker 
of tb-f Miacer a.M. fl.lt@-r type, it wa-s po-ssibl® fo produe© a 
27^  Bauffli syrup witb several hours m%x-tng^ , 
Iti© a«-xt probl-®« was- to -det«»lii@ wb-at quality of b@y©r-
age «-omM be «»d-e by using a glueos® .syrup, A gr©at many dif-
f©j?©nt valM#® f#r 'tai®- BwmtnmB ©f glumsB md 
smcromQ li&if# immn reported* of tl3,» Yalm«s t^ msA 
was tliat of T4.3 eeapaF©# t© m mlm® ®f i^ ».0 fer Bm&rmm 
givea. by Bi©st©r, Weed WaMia llll* flii# TOIu® w»-s found 
to fee .s-atisfast©rj t» -laaMag mp to®v®3?age.s of & 
good qmallt^ , 
Baviag <l@t0ntti»#d tli® esaaiti<?ii.s int whi&h. & gIueos& 
Bjmp ©omM fe# pmpmm^  aad mtili'zM hy tJi® ffiaiimfm'etaz^ er of 
earfeomted tim problem mr&m as to m® i»elativ© 
eaa© ©f sterlli^ lag ©©aftaaliiated soluti0a.s ©f glse©s@ aad 
smeros®. 
Briefly, th® problem was as tmllmMi 
1, -f© ®ak@ e®ffip.a.3?ativ« H%t«li€s ©f .gf&wth i&r aeatti) 
of jmmstB in s^ ltttions &t sucros# ttad.^  glm-eose of the 
»sae d©Bsities at room teMpermtia*©, using d@n»iti«s with-
i» -tlie fang# tlmt wmM "bm- ©atisfaet^ ry for th© aamfmc-
tuT'er of ear^ 'Oiated to«w»g®s to tt«« witb glmeos®. 
2, f© -strndj tii@ sf cit^ i© aeid ©a tli# tilling 
ti» of feasta i» s^ liatiisBS ©f gltieos# and suer©#© of 
tlie sa» -deasities .at room t®mpe:r«t«», 
5, f® Hale® e€mpa2»ati^ ® studies -0f tfe# #ff®-et of tem-
p^ ratoes ©n t&# killing tis@s ©f j©a»%» in @©lutions 
of glmcos# -and sm<if»©8« of tim s®a@ deasitles, 
4» 'f© stiidy tfe® ©ffeet ©f tli® addltiom of eitrlc aeid 
t® s'©lmtl©iis of glmeos® ajid smeros® at Mgli t«ap©-i*att»©s 
on th© -liilliiig t.ia© ©f yeast,. 
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A -aaenst ®f werk las hemm. :p#p©i?t®d on th© 
f®ra©atatiom of' smgiirs,^  tout "Wbtj llttl# ba® twtem pitollstied 
'©oiie«ralag tit© gr«wtli ©f jemst in !e6ii-0©atjpatloiis of glta-
0©s© «©l«ti0as* o«lf w©^ k ©a ® high €one©nti?a-
tion of glaeo-s® was timt ©f Br©wn (12), 1@ fooad tlmt tb.®re 
was & is tfe# aaeaat mi fewB©3at#d when a 30^  
solmtSoa was ms;#d» Im $mimmnt&tiem of 2.0, li, BO 
m& selmtleas, a .1^  «oluti0» app©«F©d to he tli© optlraim. 
0W0B mM. .Sf#iis&ia Ci3| stmdi#d tlm eftmt of aceelerat-
log aetioo 0f ir#getabl® mr'bGm.s m fcli® f&zwtitatioa of solu-
tlons ©f 20^ ' gltie©s© aM S® tmmA tfeat wMi© 'ear-
boa stlmla-ted th# f©j»a#Btafcl'©B @f l@iml#se It 'had bo &c-
eele-rating aeti©Ji o« tii®- feiMentatioa ©f glue«s®, ®i© presence 
©f ^ arboa, stl«lat:®d f«»«jitatloa In solmtleas, 
la workirig wltli Mgfe tueros® c©me®at»tteiis Daboiirg |14) 
isolated a jmmt tfccat wm# aetl're 1b m 8€^  seliatiom, 
Owen 115) is©lat@d atte:#iay©«g-®#a Sopfii jftp-iw eanned can© 
afmp b&fimg a density #f TO-'fS Irix sagar) bj plat-
iag «it ®n a ttigar »€:i-aia, stmdl#d tti© ©ffect of 
temperatures arat d®aslt.t@s ®f mn® syrmps on the feraentatiT-e 
®atio» of fcbi.® y»-a.®t fey ineeulatiag t«b©» of s^ rmps of fotir 
different d«msltl«.s, wltb ^ ©al^ teows of S. y.opfll and #3Ep©sing 
tilt tub©® to mrgring toa^ ratwr®® for ® deflalt® length of 
tiae. After stopping tlie action ©f tii# Mat t«B®rsing la 
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eoM wate.p, tb© tmb©s were Incmbatea, mistil f©i»ffleatatlom de­
veloped, 1© JTotind tlmt wbern sjmipm to for 
10 mtrnxteB f®»i»tati©ii d#v®lope-{i in- tlie Amn&ltj sjrup 
ia li -day®,, wMl© wltfe tH® iewer densities <56,3 
BfIx, 41.S Brix, aad M»8 BpIjk) ae f®m®atatioa •©©•©mrred,. 
lowewr, wlSi@.ii t«to«s of sy«ips @xp#s©d t0 t®aip#ratittP©© taM©!* 
TO®C, f©i* 10 w©« Im^ smMtsd, f#m#»tiiti®a d©T®lop®d 
mere rapidly la tl» .l.©w«r deatlty syrof® .ttei la tb,® 71«1 Brlx 
s©lmti®a» 
Owea Cljfil -mt tia® f*et that- th® r#asom y®asts 
Tm& not l3©»ii Isolated fr-sm heavy s«g«r syraps before was b©-
#att».© of th# sddltm ms@d la plating thm omt, feasts ar® 
«or® s®nsltif® t© radleal ehaag#-s la the- dsasity of their en-
vlrof»ht tfean b®-et#rl«., and wh@a « f®3?ra«at©d hea'^ y tyrmp was 
plated out on -sagar »©dlMin ealy haet®rla were found to h© 
present, llh@a plated out ©n m 3:§^  sugar Msdliaa both yeasts 
and bacteria w^ r© pr©s©mt -• the ba©t#rla lia- a p^ eater iroaber 
thaa th® yeast®, Sy plating ©at #a a §0^  amg&r m®di\im, both 
yeasts md bacteria w&m t&mM-, but th@ fo3«r pr©do»iaitt®d, 
Shmreh, Fala# Haalltom CM)- fotmd -abmiwlant -@¥ld@3Eice 
-thmt th© bttrs-tlag -of eho-©olftt#«somt@d em&mB was dm© to y®«st 
growth, fh@.«® yeaat® grew in & 76-T1^  «tj,gar 
lel^ lvey -(4) :earrl®d. -omt ©-i^ psriHW.nts t© det-a-rmiu©- -th© 
l#mgth of time n®e#-ssary to Mil y#ast spores In sugar syrups 
of 24, 27, W B.n& 36® laii*4-. Spores wer® klll®d in .24® Bmm4 
s^ yrupa by heat lag t© 70-®e, for two alamtes; S6® Baum4 syrupa 
- 10 ~ 
w@r© lieated for fl¥e »iamtes In order to kill all tli® jeast 
spores*. 
Peterson 117) worl»5 oa flm sa»- pa?o'bl©a,, Sie 
®por®s that fe® ©"btaiatd required ft coBsiderably h.i^ er tem­
perature to fe® tliaa thos# sporos of leKolvoj, SO mljmtes 
at 1OO'®'0« w®r@ to ®t©rilise •& 56® Bmmd sjrap, 
Pet®rs©n*8 explm«tio.B (18) for tli© i^ #®t €iff#roiie« In tli© 
lillij^ ' of M® spores- sad. MeEelvsj^ s. i« that t&e latter added 
1,5 ec* of «stttrsit.#i oltric aoid to 1000 eo,. of hi# plating 
sedi-EW, Yomsits did .not grow w®ll ia this mBdtvm after being 
©xposod to 
Petorson ms#d a aixttir© of spor#8 from 2Q different 
yeasti*. fla« tia# m-mmu&Tf to Icill f9,9^  of joast spores in 
gneros® «fTup» «t & tosporftturo of was «ix »iimtos for 
Bftiiai, 8*i0f siimtos for' asad 28 mitaitos for 36® 
Ba^ i, Wpoa tH© ftddltioa of 1 eo,. of eitri© aeid to 
100 CO* of S6® sjrap, all tb® foasts wer© killod in two 
alniitos, 
fottlTOse {ItI stmdlod the ©ffeot of added aeld to hl^  
dansitj ameros® sjrups on th© killiag of yeasts at room torn- " 
p®ratttro» 1# obt-a'iB®d growth of yeasts on M® ijrupsj hut 
with fch« addition of oitric aeid at tho- rat# of mm omo@ of 
§0 oltrio aeid per gallon of sjrap the joasta- w«r® killod. 
H@ gl¥es d«fiiaite- Mlliag tiai©» for y#asts in sjrapm co-ntaiB-
iag OB:® J two a»A fomr -mmimM of eitrio aoid p@r gallon. How-
©•rer., this «ppll«« oaly to the straia of ¥©g€ststlv® eolls of 
th© jsast that h© ms®d. 
\ 
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1, fh® jeaat. 
In ©Mer to ©feta-Sja jmrnstw that womM be t^ jpical of thO:S@ 
whieli would eau®e tp©ilage In tb© plants of the •namfactmrers 
of ea-spbonated to©ver&g«'s, samples trcm ©polled beverage® that 
iiad feeen sent to th.© Ameriean Bottlers of Carbonated Beirerages 
F©ll©wsij..ip for analysis w«.r# plated mt on Wort agai? to de-
termim thm preseno® of abs^ ae# of llTlng j©a®t®, Twentj dif­
ferent samples w&-m plated oat, fOTirt®®a of whicla allowed that 
living feasts w®i»« pr©a#»t» fo d©t©i?®lii® t&e presence of 
spQ.p« foming ymstsf tfpieal eolonies 0,11 each plate wer® in-
©eulated iat© feroth -and ineiibat^ d at g8'®C, for 4© hoars, 0ar~ 
rot Juie© eal'Ciism sttlfat.e twl>©s w&m then inooixlat^ d and ineti-
Mt«d for two *©©ks at Hiia carrot Jtiie# ealeiim sul-
•ffet® agar was prepared as followas tw© lit#ra of distilled 
water wer© added to on© kilogram of fiaolj ground earrots, and 
the wTaole was tooil®d for ton miiaj.tes. IPh.® liquid was then 
extracted in a hand press, s-queezing out.as mieh of the juice 
aa possihle, fo the pare solution was added 2^ . agar and 1% 
oaleluia sulfate, «.ad. the whole was boiled tantil the agar was 
dissolved, the media was plaeed in tuhes and flasks and 
sterilized at 15 pounds pressure for BO simtea. 
After iaeuhatlng the tuhes for two weeks at 28*^ G,the 
- 12 
©r abs^ BCs© ©f y#ast sprnms was •datesnoined by loll^ f's 
.iMtto©4 sp.#3?« staiaimg.# Sstoh of the fourteen tiibes- showed 
posltlv© ®vld®ae© ©f yeast spores,, 
f@ obtalm a smffie-tsat mmhex' of spor«s to cmrrj out all 
of til# exp©rlo©ats planned, K©11@ flasks eoatalalng -cayrot 
J»la® aalolim. salfat© agar wer© inoculat©d from €8 lio«r broth 
emlteia*e.s of th© m-wmn strains ©f y«ast, Aftmv inetibating for 
m days, whaa y#a«t'S that'w«r® tooomlatad Into tubes of th© 
same agar at th® saat# time showed the preseae© of -abimdaiit 
spores, the growth, was S'©ra.p©d off toy meaaii of a small hoe-
shaped spatula and plae«d in a at©-ril# ©i^ aporatlmg dish, Th@ 
spores w«r© than -driad In a metium d®sle®ator over s-ulftarlc 
aeid for El, days,,. 
'131 order to dilmt® thi spores, tli®y wer© grornid in an 
agat© mortar with tlir#e to fowr folwmos of st«ril® pow<i@r©d 
a*igar.» ftm :r#aultijig Mixture was kept in m s-aapl® bottle in 
a deslesiiter coatatoiiig sulfuric aeid, A saall .amomt of • 
spores was pl»t®d owt.,, and it was foand th&t th©r© were ap-
proxiMttoly 200 million yeasts i^ r grata of mterial, 
B, Xaeoulatln^  Material. 
In the first few exparliaents on th©' p*owth of yeasts In 
syrups, th© y©.a®t sttspmiion was prepared by adding th©. spores 
to .sterile tap wat©r|. later, a glmoos® sointiois, was made 
mp by the addition of th© aeeass&ry OT'Otta.t of gluoos© to con-
ductlflty mtar. After steriliaation, a- w©l^ t of th® spore 
was womld give thm Aest^ d mialjer of 
jm&mts ttt S e©» ©I" ttoe saspeaaloa, la .©xperlMemts on the 
@E*cwiiag, of yem»ts In smgar s«lmt.l©ni> it wmn -desired t-o In-
oemlat© m® alllloa jeast# la tii@- flJtsfc, la th® kll--' 
lln-g ©xperM^ at-s,. s'Isomt fotaf million y-®*st-s par flask w&re 
In w©i%: wlfcli wgetatlf© c@llS', ® 48 hotxT omit -extract 
insmfeftted B&^ S* •&# «Bplofe-d# Bjaaainafeioa 
re¥@-al®-i; th.® pyes^ ae® mt s&m& spores, Qm emteie e#»timeter 
<sf tbis ©ifHtmiBe^  appf©xlMtt#l.j SO- mlllim fwasts,: 
5» Plat.tag medltoa. 
All -oottiits w&re ma.de toy pla-ting out on. Woft agaa* CBaeto), 
fk® f0i«aila,. elalM-d toj tlii® laaattfiiettipeys- m fe# lat)-©!, ms 
&M f©ll©ws; 
Imlto®-® , , , , 12, ?& parts 
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perlments eomdm.ct®d at -©O^ e., the flasks we:r® steril© after 
two hours ©3Ep©sttr©, 
•fwo d©ae©»tj?ations of ajmp wem «.s#d - 24^  and 27® 
Siae# th« wat@r hath h©ld hut tw@ flasks, @aeh @xperi-
sent c-onsistM of on© flask ©f glucose and ©ne flask of 
sueroa© of th® same densitfes. 
tkm to th© small mamber of yeasts used per tmlt folijaie, 
aM to th®' faot that the 1 «• 10 dilution was the lowest dilu-* 
tion plated out, plates thmt eontalned lea® than 25 y@asts 
(250 p©r ©o.. of sfimp) w«r@ regarded as ®fia?®llahle, 
fh6 results of thes® ©xperiments are $lfen In tables 
?I and ¥11 and shorn graphleally in platas 6 and 
-• s i "• 
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Sffe.ct of teapegat-ttge ana v&rjttm &wmntB Qf eltyie acid 
on the killing ®f g-e&st spores in soluti:Oi|.a of ^ lueoae and' 
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In studying' tla® of aad el trie acM 
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afflcswuts of eltrle aeM w®p® add^ d - 1»SS •€©•. of 50^  eltrle 
acM to sake m ,04M golmtion m, to mak® a ,021 
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Flatss 11 and III mit tim fa#t %tmt gluc-os# 
and fucros©-, at 4©iisiti©'S &t Si® aM g?® Baiaai^ , 
miim ft. -deeMssi is aetloas tmmrA y«ast. In 
all ©oae«afe«itl©iiS, merQm supp&ttmA gr»tlit au-^ gli l>@tt®i» than 
glme^ a®, ©i® lag p»i»i<sd for ghxmm® i«ri@<I fr©a a -period of 
two to tUr@@ daf.®. in Wmm§ f.l«e©-»e t® fit® to se-r©!! days 
ill B«w^  .glae.-eae» In Bieaa^  .«iero#@, a«Mtioiis tiie-r® 
WAS mm mottmm'b'km lag period j 24® ato.owa4 a lag 
pe-riod ©f 3..©s». tl»ii. 04 homrs|. a.M B&t»l smeros.-© showed a 
d.i.stiiiet .^eriOii. of m> growtti .during th® first M hotir-s. 
An int©r#s.ting faet shown in ta"bX@-® I, II aiwl III, but 
whi«A is aot brought out ia ttie eorr©-».po»i.iii-g plates, is the 
ittttount of d«erea@.e im th® mmhmT of y«asts in th© glm-e-os© 
syrups durimg th© first tm days of experiment. In 20® 
Bmma& syrups, the l©w©-8t oiwiteer t-o whieh th® y®-a.st eount 
dropped was o.f the initialj .24® Bauai showed th# sioae 
mimimiaij -and in 2?® iaiaasfi -th#. .e?mat dro:pp®d to SO^  of th® 
initial. 
fhis initial killing is prohahly -du© to th® -©ffeet of 
high ©sfflotie presaur© -on th© vagetativ© oells. The length 
of. time alapsimg feafor© growth ta,ko® plao® in heavy glucoa® 
ayrmps aay he attrihuted to th© tim& that it tafces- fch® ©alls 
to baaom® acaliaatad to the high -osaotic preBSura, fhare ap-
paars to- ha .a relation-ship hatwaan. the ©«ffl0tl.c pressure of 
« 4S -
tli« iwlmtiSBs sai4 th® Itogtli ot ttie lag perl©«l, 'fhls is 
out In th© following tabl®, 
m^m. si 
Relation of Calculated Osiaotic Pr®#®ur® 
to Img Period in Sugar Syrups 
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low.e¥©r,, tlje 4.1.ff#r0fte# between, fhm ©smetie pressure of 
'Mtmmi glue.©s® and 27^  Baus^  susr^ s© aad tli® length .of th® 
lag p©ri©d ®®:#as t@. indieat« that tliere %m mmm ©tli©r fa.et©r 
i»¥olT#ll tliat is p.©©mli«r t© tli®. sugar us«€, 
fatel® iV allow.# tlaat the addition af ,04M eitrie a.cid to 
"Bexmi syrups prevemts tto.© grcwtli of y«.a®t npoves., Th® 
eurves iJi plat® 4 stotow a slight diff©ranee between the two 
sugars, Imt n%um tli« psrisd #f s.t©rmg« ex.tends for sueli a 
loBg tim© Cll days) VhXm dlff©.re.ji«# i-s aot signifleant, 
'Til© ®ff<s»et ©f varying eone®BtratioM ©f eitrie- acid in 
• 46 -
s:rmija is vewj mtmipplj hf msiag wgetati^ © odlls 
iaatead mf s|s©i«ea» fatei© t mA pl«t« S -stow tbat it is 
Bmlm to atejfiliz® glue©## sfjmps coataimiag aei€ tlima 
sueros© scraps cont«isi»^  tfe# »m&% anstiiit ®f mei€, 
fhe slew •feilliag ©f tli© ©©lis la su€r©s© #s3intaini.ng .041 
eityie aeid €d®s m#t €li«ek witli tlx® :papl# killing that 
tS4| ©tet«ii»d, II©w#¥®]pj., it .M.»t tliat 
li® «s®4 ft. niiigl® .ealtw# ©f yamst wb.«» itt©.®iilmting lii® terotli.. 
fto© Mllirag tb@. ¥©:g@tatlw ©#lls in t&i® ©xperiaeat 
appejys t© t» -te# t© a ©«bla&ti« mt tfere#' f»et©ips - CfOTotic 
pfsssiar®, t®M3>@-3*atffl» -aiA ©itrie -a^ id e©a©«»t«s.ti©ia.,. fe© ©f-
f©et of mmo^ %%c ^ wm'smm- Ms di.sem.ss@€ Th® t@ii~ 
peratms*® fa^ to? .a#t to© great sine® it is t?mt fi?@ degrees 
abov# t^ © ©ptiaaim a©w@T@3?.,, tia# effset ©f pi al©iMi 
eau po.t ummnt tm tli# ©wires, b#eams# .ft glvtm-m solution 
•of tMs density centaiBiag «0ffl eitrie agiit bag a pH ©f 2,12, 
whil® smeF«s® e^ taijaiag •04* -eityi#' m%€ liafl a pS of 
jet it kill.@<a mom ®l©wlj- tlia.» tn® f©i«r s@liatloa. Jn. 
0-0]®pBti»isg til-© tw© a.ei€ ©©aeeatratioas ia .®«eh s^ gar.,. fhm .ef­
fect of eitrie a-eid is feTOrngfet oat ©l@ax»lj -• tli© highe'P aeid 
s.me©®trati®a killii^  »©-!•© I'ap.idl^ r tbaa tht .lowsr* 
•f&lsle®. fI aM f.II tli® effest ©f t^ p-aratar® ©n th® 
yeast Bpormm 1» t&®- sagaie .s«»lttti.©iis. As. .©iitirelf oppo.3it® 
@ff©et im th.® tw© s«ig«rs f3?«a feliat at ro©B teape'ratts*® is 
Isi-migbt ©ttt im. ^ msm t&hlem &A ia fl«t#s i J, lljll© 
MU^ rQMm was aor® faTrera^ l© tm&T& tb# gw>wtli o.f yeaat spo»s 
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t0r 90 ®f feast at 
®tts 3P@lat.i.oaiiilp to«tw@®n #.ta©tle pressure and Mlliag 
times 4#®-s a@t emstly whmn ©mpa-rlmg <i.|ff#3*#nt sugars, 
W&r mmmpMg & Bm-mi. m'^ Tmrnm s©3Lmti#a witk msx osmetic 
pr®s«itti*« ©f €B at«08pJiei*®« stoow# a killing tSae ©f 90' almtes, 
t^lm a 24® 3mm$ g"km&&0 with « ©saotie 
p^ msBum. iW mtrnGMfiimrmm} sliows a feillisg ttai© ©f 72 atmit©8, 
fMs «®em» t<s lujtiemt®, m In tlie #:^ p©2*i»©.ats e©ii€ucta«<i at 
TQ^ m t@ap#3?ati«a'« m grewtfe mi j@a#ts in sji»«pa, that timrm 
Is sa». sp#i(sifl® p3Wp©--rty of tim nn^ v l«flm®»©'i»g thm growth 
fl«t«s 8' *' 11 sfeew thitt with the rndditloB of cit3?ie 
acM t0 tli#s# s®lnt.i©as a miieli. -stoo^ t©?' •killing tia® Is ©"b--
talm«d-. 
fwis llf 
Killing Time of 99jl of Yeast Spopes 
i» Symips Containing Citric Acid at 60 C, 
1 !• « 
B@asl% t # • Citric Acid • • f$3m^ to mil 
Ciamai) « '« t Goneentration * 9m ®f Ye&mtm 
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agaia, Mllliag times ar@ aiwa^ -s otttaiB#d 
ia sus3»©:5© s©ltttions than la the mwrmspmAln^  solutioms of 
glucose, S¥id#iitly tM# l&mBT pi ©f t&e gluC'®s« soltttion 
u@#a ^ i»0' #1) i-t ao^  gi^ «t mmm.^  tm gi»®.,ater 
pro't®.-e%lng a©%iom ©f p»«»aip®:,. 
•fh©. Mffwrenoe ia killlii® ti» of tli# a»omts 
»eit •#«fte»iitesttloii ia «a@li sugar Is. «|liii#is©4 aor® in th© 
24® la®b^ ayi*a-ps %&«» la tb# ls«®4 syinif«..» -fli.® addition, 
©f twie©' as ffiieli aelA tli® killing. tlM.® about 
}n 24® Sa i^i^  • wMil« itt tti« fellliiig %1ms a@-
•ei?#'«ts© «^ @at is^ :.. 
m -
AM) G©i0IIISIOlS 
!• At- t:e*perftt«r©s fg8®e») glue©s« skimps have a 
inhifeltlBg aetl-oa toward tlie g^ owtli of y©.ft.st spoTOS 
tbaa stterose sy»ps -©f tb® aftme d#asitf. 
2,. -flitr® is B© between, tbe aetioas of Emm4 
glticos® .and sa:ero-s@ s©3.iitlom-s t©w«i»d ye-ast sp-or^ s mpoii tb® 
ftdditloB of- ,0« eitrie acid at 2g®e,». 
3, OoaeeafcF«tio3aa ©f .02M aM ,.0411 elta?!.© aeW in .21"® Bam^  
soltttioas a» taxic t«w-ard wget-atiw feast e©ll»- t# .a g3?e.at-
®F ia gin©©-.®# t&am in smero-s# at .l©w tempe-ratiipes. 
4r« At teapei»ftt«ti»#-s {60®C-,.)., f@.a.st spoils &» killed 
aoi*e @.asllj in siieres# s©.liiti©ias tljaa Im glmco-se solmtions 
©f tlie same densiti.#®. 
5«, ip©a tla© additioa of saall amomts ©f citric ae.id to 
smgaj? sQlmtioas, femst «|}©i*es &re feilled in a. .shorter length 
of till©, "but th© tia» 1.® -stocsrt-®!* iu. s-©l'atloii.s of -su-erose 
th.mi .la glmeos®. 
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